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In contrast to traditional, lecture-based learning, collaborative learning is an interactive, group knowledgebuilding process. Students actively participate in generating, accessing, and organizing the information. They construct knowledge by formulating their ideas into words and images and then develop these ideas/concepts as they react to other students' responses to their formulations. The instructor carefully structures the learning activities, focuses on particular content, and monitors student work. Knowledge building is the process of progressive problem solving, which encourages students to be innovative, create intellectual property, and develop and acquire expertise. 2 This form of collaborative learning arose from the new networking capabilities of the 1980s, but quickly outstripped the capabilities of generic network tools. [3] [4] [5] 
EDUCATIONAL WEAKNESSES OF GENERIC TOOLS
Generic network tools-such as e-mail, computer conferencing, and newsgroups-impose significant user overhead because they were not specifically designed to support educational activities. Instructors have had to expend great effort to reformulate their traditional classroom activities. Doing so without models or tools to shape the virtual learning environment involved substantial administrative, organizational, and pedagogical challenges and costs. Many experiments failed and discouraged early enthusiasts.
Analysis showed key problems in using generic networking environments for education. These generic environments did not provide
• a standard way to organize course material; • prior evidence of the environment's effectiveness in instructional uses; • tools to support basic instructional activities, such as course design, organization of group spaces and personal space, grading, and easy integration of multiple media files; or • models to support learning strategies that involve collaborative learning, knowledge building, and multiple representations of ideas and knowledge structures.
Based on these shortcomings, my colleagues and I began to seek better ways for networks to support collaborative learning.
A BETTER APPROACH
In late 1993, we set out to design a system using the Internet that would encourage the adoption of a collaborative learning approach. We also wanted to develop embedded tools to meet the needs of both instructors and students.
The goal of our system, now known as the Virtual-U (http://www.vu.vlei.com), was to provide a flexible framework to support advanced pedagogies based on active learning, collaboration, multiple perspectives, and knowledge building. This framework employs various instructional formats, including seminars, tutorials, group projects, and labs. VU differs from other virtual universities in that it focuses on teaching and learning in the context of educational principles and research.
In 1995, the VU became one of the key research applications within the TeleLearning Network of Centres of Excellence (TLNCE) (http://www.telelearn.ca). This national program links Canadian researchers and client communities to develop, use, and evaluate advanced education technologies based on collaborative learning and knowledge building. TLNCE received $27 million from Industry Canada to support telelearning research, development, and commercialization over seven years.
TLNCE currently encompasses 32 projects, including several that are large-scale. More than 100 researchers in education, the social sciences, computer science, and engineering from 22 Canadian universities are working with client communities.
TODAY'S VIRTUAL-U
The VU is a Web-based, networked learning environment customized for postsecondary and/or workplace education. It is an integrated course management system with conferencing, chat, and grade book tools that provides a framework for designing, delivering, and managing individual courses or entire programs, as shown in Figure 1 . For program-and institutionwide delivery, users can customize the campus with an institution's image and its choice of application options.
VU is a cross-platform application, capable of running on Windows NT or any Unix server. It can be used by older Web browsers dating back to Netscape 2.x and Microsoft Internet Explorer 4.x on any client operating system these browsers support. The integrated set of CGI-script-based Web applications is built upon industry-standard server architectures, which allows VU to adapt to new platforms.
VU also supports all types of multimedia files as course resources, allowing the instructional designerrather than the platform-to determine course content. Instructors can choose to upload resources that require specific browser plug-ins and/or client applications. Using standard Web server technology, VU can also support multimedia applications and filesfor example, movies-that may require high bandwidth. These features make VU extremely flexible and enable it to host specialized courses, as the "Dancing in Cyberspace" sidebar describes.
The security model is managed on the server. It authenticates all those who access the system and allows them access to appropriate course resources and utilities. This model also enables the application to maintain a consistent state on the server so that the participants' resources, personal options, and current viewing preferences are carried with them as they access the VU campus from different machines.
To use the system, a student connects to the server. Students and instructors can access and/or participate in any number of courses within the same campus September 1999
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Dancing in Cyberspace
Simon Fraser University's Dancing in Cyberspace is a choreography course that introduces students to the creative potential of the virtual body in cyberspace. Students use Life Forms, a 3D human animation software program, to explore human movement through experientially designed sequences. They use the VU learning environment to interact and collaborate on assignments, thereby increasing their ability to analyze and integrate the information. The computer embodies the feelings of movement and builds inroads into cyberspace, while the spirit of dance continues to lead the students' creative thinking.
To participate in the class, students must purchase a Life Forms software package or use the Life Forms software available at the university's computer labs. They must log on to the VU three times a week (for 30 minutes each time) to send messages, upload files (Life Forms animation assignments), post topics assignments, and read postings from class members and the tutor-marker/course supervisor.
Life Forms assignment preparation and time for topic readings are independent of logon requirements. The online classroom is open 24 hours a day, seven days a week. Sessions are asynchronous, and each lasts one week. environment without using multiple user ids or access mechanisms. In fact, a person can enroll in one course as a student and be an instructor in another. Within the VU environment, participants can use other Web resources as well as specialized VU resources and activities. Participants do not have to know HTML or any other specialized markup language to interact with the system or with other VU users. Users who do know HTML can use it to enhance their content within the VU application framework.
VIRTUAL-U DESIGN
VU's flexible framework and integrated learning environment rely on the VGroups conferencing system, an asynchronous communication medium. VGroups is a custom-developed Web-browser-based user interface that gives instructors or moderators the ability to easily set up collaborative groups and define structures, tasks, and objectives. Any user can learn to use VGroups to moderate conferences and to create subconferences. A sample VGroups window is shown in Figure 2 .
VU tools
VGroups provides the link through which instructors, students, researchers, and others access several VU tools.
Personal workspace. Each student and instructor can create a personal workspace, as shown in Figure 3 , that contains a calendar, course syllabi, and resources. Users can also upload or access their own files.
Course-structuring tool. VU includes HTML templates with CGI scripts behind them that prompt instructors for relevant information, such as weekly overviews, required readings, grading standards, and group conferencing assignments. The coursestructuring tool allows them to create courses in HTML without knowing how to program and automatically places the course syllabus on the Web.
Grade book. A database of students' grades displays text and graphical representations of student performance, including personal grades and distribution of marks for evaluated activities. A window from the grade book is shown in Figure 4 .
VU-Chat. To complement the asynchronicity of VGroups, researchers developed VU-Chat. Users can use this tool to chat in "rooms" they create. VU-Chat lets users link video and audio into the real-time messaging options.
System administration. These tools handle functions that assist system administrators in installing and maintaining VU, such as creating and maintaining accounts, defining access privileges, and establishing courses on the system. They also can import class lists from a university's registrar database. These applications are built from scratch using the VU HTML custom interface.
File management. Specialized tools let instructors and students send multimedia files from their local machines to the VU server. Students electronically submit their assignments, and the instructors organize and comment on these submissions.
The course viewer is both a course management tool and a workspace tool. In addition, VU provides instructional tools and exemplars on how to teach and learn online. It also has online help and support services. 
Spatial metaphors
The idea of spatial metaphors is an important underpinning of the VU's design. Early field studies on networked learning environments suggest that if instructors and students form mental models of the "spaces" where they are working-virtual seminars, discussion groups, laboratories, cafés for social interactions, and so forth-they learn to apply appropriate "social factors" to their interactions. 6 Before the Web, online learning environments were completely text based. Students formed their own imagery of the virtual environments as they did when reading prose. With multimedia, video, and animation, it became possible to provide users with explicit orientation cues.
In VU's spatial metaphor, users navigate using images of university buildings, offices, and study areas, as shown in Figure 5 . While the key spaces are instructional-such as the courses building and conferencing building-VU also includes spaces for administration, a library, social exchange (the virtual café), and other information resources, like the gallery.
The users of early versions of VU suggested that a spatial metaphor provides a sense of place and is a useful mental model that assists navigation. The cues that support this metaphor range from text to explicit 3D spaces. Although a spatial metaphor is helpful to new students, more experienced students sometimes find it inefficient. Therefore, there are four alternative ways to navigate VU and access its tools: spaces (graphic imagery), a navigation map, menus, and a course control panel.
Built-in feedback loop
Unlike most commercial educational software, VU has a research base that directly informs its ongoing development. In 1996, the research project launched field trials to develop and study state-of-the-art Webbased technology for postsecondary online course delivery, conceptualize teaching and learning models that are applicable to VU, and illuminate effective pedagogical models and methods for instructors interested in Web-based instruction.
Using an iterative approach, research results feed into the conceptualization and design of VU. For example, research demonstrated the need for tools to assist instructors in conceptualizing and designing online courses. Students also needed information on how to conduct collaborative projects, analyze information from various perspectives, and organize various threads of an argument.
In response, VU developers are working to help instructors by providing a case library of course exemplars and employing case-based reasoning tools. To help students, developers are currently working on activity templates in VGroups. They are also developing continuous-zoom algorithms and visualization tools to better exemplify VU's navigation and spatial metaphors. These technologies help students see different visual representations of VGroups beyond typical tree structures.
FIELD TRIAL RESULTS
VU field trials began in 1996. So far, researchers have gathered data from more than 8,000 students in 300 courses taught by 250 instructors. Of this group, only 4 percent of the courses used VU as an enhancement. Thirty percent of the courses were delivered totally online, and 66 percent used a mixed mode that employed an array of course-specific, weighted strategies to deliver an appropriate mix of face-to-face and online instruction. The VU field trials are generating data on instructional designs, impact on instructor and student workload, user satisfaction and practice, quality of learning, assessment issues, and student completion rates. The findings provide significant guidance in the design and implementation of more effective online education models and environments.
Instructors report major changes in their instructional roles as they move from face-to-face to online modalities. Principally, instructors and students become more interactive when they move from the one-to-many lecture model to the many-to-many group discourse model. In particular, the instructor has to learn how to facilitate throughout a course rather than to lecture (and/or entertain) as students become more active. Therefore, the instructor becomes less of an information provider and more of a participant as the students take more responsibility for generating input, references, and examples.
The instructors' major complaint was the high initial workload. They reported that online teaching consumed much more time than classroom teaching or distance education. However, both classroom instructors and distance educators reported that the second offering was somewhat easier and that by the third offering, the workload was "similar" to a traditional face-to-face course.
The major problems students encountered were not related to their workload but rather to technical difficulties and slow networks. Many also initially experienced communication anxiety.
Learning designs and assessment strategies
Instructors employed several different criteria for assessing the effectiveness of online learning activities, as shown in Table 1 .
Usage patterns
Analysis of usage patterns reveals some interesting facts:
• Participation in an online or mixed-mode course is 7 × 24 (seven days a week, 24 hours a day).
• Students are typically very active in posting, reading, and responding to messages: They log in a minimum of five times per week and post or respond to messages a minimum of three times per week.
• Peer interaction is typically high. Data are mode dependent, varying according to the total number of messages posted or read per semester or module, but in some cases the response rate is as high as 80 percent.
• In face-to-face classes, instructors speak for approximately 80 percent or more of the time. Online, students send about 85 percent of messages.
• The spread of communications among students varied. For example, in humanities and health sciences, 50 percent of the students sent 90 percent or more of the messages. In business statistics, 50 percent of students sent 65 to 75 percent of the messages, indicating some differences among disciplines.
RESEARCH DIRECTIONS
These findings raise important research questions about the impact of instructional design on when, how, how much, and which students participate or interact. VU researchers and developers have identified three key methodologies and tools to advance understanding of teaching and learning online. The first two are researcher tools, while the third (VUCAT) is a customized tool that lets VU users track online course activities from many perspectives. The "Research and Assessment Tools" sidebar describes these tools.
Structures and templates
Researchers intend to develop structures and templates to study the use of advanced pedagogy. Research will continue to focus on models of collaborative learning, creating a case library of knowledge objects and course exemplars, and developing tools that will measure different dimensions of online learning.
Testbed
We are developing an advanced technology testbed for software platform research. The testbed will permit integration of distributed objects and XML for experimentation in user interface development. This open architecture will allow institutions and educational software developers to enhance or extend the core VU functionality by integrating custom software components.
System resources
We will also address delivery and quality-of-service aspects to determine what system resources are required to successfully operate a VU course or program by performance analysis. We will study ways to improve the performance of multimedia delivery, such as streaming video, when the users access the system via connections with different bandwidth capabilities. Researchers will investigate techniques for dealing with requests for content at differing resolutions. The project will compare techniques such as embedded coding and multiple resolution representation and look at trade-offs such as storage requirements and processing delays at the server.
We will also study ways to layer and prioritize different media (text, audio, images, and video) so that information can be transmitted seamlessly as link capacities change.
T he ambitiousness of our plans for the Virtual-U is surpassed only by the powerful promise that truly effective online learning embodies. By bringing together a multidisciplinary research team of educators, HCI specialists, engineers, computer scientists, and database and instructional designers, we plan to bring that promise fully to life. Our efforts should not only provide new avenues for learning, but also prepare students for the collaborative style that appears to be the future of work in the 21st century. 
Research and Assessment Tools
The first two tools are for researchers; the third tool is for users.
VU Research Database
The VU Research Database hosts various types of data related to VU courses, enrollment, users, VU field sites, and administration. It also hosts computer-generated usage data and research results. It provides easy and accurate information retrieval and updates and supports research inquiries, course and field site management, and VU system administration.
A distributed database system, it contains a set of databases that host different categories of data. The system includes built-in forms for easy data entry and predefined queries for routine calculations and information retrieval. A data warehouse built on top of the database supports structured and/or ad hoc queries, analytical reporting, and decision support.
VU DataMiner
VU DataMiner provides researchers with a tool to study user behavior and teaching/learning processes. Researchers can examine the communication, participation, and interaction patterns among students and instructors as well as trends in this data over time. In addition, VU DataMiner provides system administrators and designers with a tool to monitor and optimize system performance. The tool produces several reports:
• Basic summary. 
VUCAT
The VU Course Analysis Tool (VUCAT) provides online instructors with a window for monitoring student participation, including a student's contribution to different parts of a course and overall performance in the course. It provides basic statistics about individual student or group performance, including a tabular summary of the number of logins, postings, and total time spent. The tool also reports access statistics for individual conferences and/or a complete course. It can also generate graphical displays of summary data.
